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Doxycycline (DOTe) is a photosensitizing drug whose 
mechanism of phototoxicity is complicated by the large vari-
ety of stable photoproducts formed . To assess the role of a 
DOTC photoproduct, lumidoxycycline (LuDOTe), in the 
photosensitization mechanism ofDOTC, MGH-Ul human 
bladder carcinoma cells were treated in vitro with either 
DOTC or LuDOTC, and irradiated with the 3S1-nm emis-
sion of an argon-ion laser. Both DOTC and LuDOTC were 
phototoxic and ~aused rad!ant-exp?~ure - depe~d~nt inhibi-
tion of cellular lIlcorporatlOn of tntlated thymldllle. On an 
absorbed-photon basis, DOTC was about five times as pho-
totoxic as LuDOTe. Cellular uptake of DOTC was about 
five times as great as that of LuDOTe. Epifluorescence mi-
croscopy showed localization of LuDOTC predominantly 
within cellular membranes, particularly of mitochondria, as 
well as a low level ofLuDOTC fluorescence diffusely within 
the cytoplasm. Epifl~orescence micros~opy of cells labele.d 
w ith the mitochondnal probe, rhodamllle 123, showed InI-
T he TC antibiotic DOTC is a potent photosensitizer of human skin [1], via mechanisms that have been par-tially clarified in recent years. DOTC photosensitiza-tion is mediated by excited-state singlet oxygen (02(1L.g)) and free radicals [2,3]. In the eukaryotic 
cell , DOTC photosensitization proceeds by way of injury selective 
/ for mitochondria [4,5]' the preferential intracellular site oflocaliza-
cion of DOTC and other TCs [4]. The photosensitization mecha-
nism of DOTC, however, is complicated by the variety of stable 
photoproducts that TCs form upon irradiation. The role of such 
photoproducts in phototoxicity becomes even more relevant when 
the photoproducts are more photostable than the parent com-
pounds, as is the case with the DOTC photoproduct, LuDOTC 
L 5 - 7]. The possibility that photoproducts may playa role in .the 
photosensitization mechanism of the parent compound for a vanety 
of drugs has been postulated [8 -10], but not thoroughly studied. 
This is the first report of a quantitative evaluation of photosensitiza-
tion using a purified and well-characterized photoproduct. 
Recently, a novel group ofTC photoproducts, the LuTCs, has 
been characterized [5 - 7]. LuTC and LuDOTC are formed upon 
ultraviolet A (UV A, 320 - 400 nm) irradiation in anaerobic condi-
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tochondrial fragmentation and altered mitochondrial mem-
brane integrity after LuDOTC photosensitization; these ef-
~ects depended on radiant exposure and were partially revers-
Ible by 24 h after irradiation. For both DOTC and 
LuDOTC, phototoxicity was increased by irradiation in the 
pre~ence o~ deuterium oxide and decreased in the presence of 
s~d~um azide, e~ects consistent with an important mecha-
lllstl~ role for slllgiet oxygen, Oz(1,6g), in the injury. In 
solutlOn, L~DOTC and DOTC had similar quantum yields 
for generatlOn of Oz(1.6.g) as measured by time-resolved 
spectros~opy an~ by 0z(1.6.g) trapping. LuDOTC was pho-
tostable III solutlOn, but DOTC underwent significant pho-
todegradation. These data demonstrate that DOTC photo-
pr~d?cts such as LuDOTC have significant photobiologic 
activity ~nd may play an important role in the phototoxicity 
mechalllsm of DOTe. Key words: tetracycline/photopro-
duct/photosensitization. ] Invest Dermatol 101:329-333, 
1993 
tions via the photochemical formation of a norbornyl ring between 
C~4 and C-lla of the pa:en~TC and DOTC molecule, respectively 
(FIg 1). ~uDOTC has slgl11ficant UV A absorbance (Fig 2), raising 
the P?sslblltty that subse9uentfhotoreactions of LuDOTC could 
contribute. to the mechal11sm 0 DOTC phototoxicity. For certain 
photosensltlzers, photoproducts are important for photobiologic 
action. For example, benoxaprofen undergoes photodecarboxyla-
tion to a more lipophilic photoproduct that can photosensitize sub-
sequent m~mbrane damage [8]. Another example is the photochemi-
cal formation of a covalent monoadduct of psoralen to DNA, with 
subsequent photoreaction to form bifunctional adducts and DNA 
cross-links l11]. which may be biologically the most important 
photoproducts. 
The goal .of this study was to elucidate the possible role of the 
newly deSCrIbed photoproduct LuDOTC in the photosensitivity 
mecharnsm(s) ?f DOTC. To do so, we have compared LuDOTC 
and DOTC wI.th regard to phototoxicity ill vitro, quantitative up-
take 1I1t.O cells, 1I1tracellular fluorescence localization patterns, mor-
phologIC consequences of phototoxicity, quantum yields of 
0 2(1L.g) generation in solution, and the effects of concurrent treat-
ment with 2H20 and NaN3 , respectively an enhancer and a 
quencher of 02(1L.g) and triplet states [12-15]. 
MATERIALS AND METHODS 
Chemicals Unless otherwise specified, all chemicals were dissolved in 
DPBS containin~ 0.4? mM MgCI2· HP and 0.9 mM CaCl2, pH 7.2 (Glbco Laboratones, Life Technologies, Inc., Grand Island, NY). DOTC 
(SIgma Chenllcal Co., St. Louis, MO) was used without further purification 
at 50-200 tLM. LuDOTC was prepared photochemically as described [5]; 
briefly, DOTC was dissolved at 2.3 mM in 0.1 M phosphate buffer, pH 6.7, 
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Figure 1. Molecular structures of DOTC and LuDOTC. 
deoxygenated by bubbling with argon, and irradiated for 10-13 h at room 
temperature with continuous argon degassing, using UVA from a 450-W 
Hg arc filtered through uranium yellow glass (passing A> 330 nm). Lu-
DOTC was purified by LoBar chromatography, characterized by UV and 
N MR spectroscopy and mass spectrometry, and used at a final concentration 
of 50-200 JiM. R123 (Eastman Kodak, Rochester, NY) was oflaser grade. 
2H20 (Sigma) was dissolved at 9: 1 in X 10 DPBS (Gibco) and the pH 
adjusted to 7.2. NaN3 (Sigma) was used at a final concentration of 5 mM. 
3H-Td (New England Nuclear Research Products, Boston, MA) had a spe-
cific activity of 50 JiCi/ml. His (Aldrich Chemical Co., Milwaukee, WI) 
was used at a final concentration of 10 mM. Rose bengal (RB) was used at 
final concentrations of 5 and 20 JiM. 
Cells MGH-Ul cells (16), derived from a transitional-cell carcinoma of 
the human urinary bladder, were grown in plastic dishes at 37 ° C in a humidi-
fied, 95% air: 5% CO2 atmosphere, using McCoy's 5A medium (modified) 
with 25 mM HEPES buffer (Gibco) supplemented with heat-inactivated, 
5% fetal bovine serum (Gibco). In some experiments cells were grown on 
glass coverslips. 
Radiation Source for Induction of Cellular Phototoxicity The 351-
nm emission of an argon-ion laser (Coherent, Inc., Palo Alto, CAl was 
directed via a series of prisms and lenses onto the cell monolayer as described 
(17), at ari irradiance of 1 00 m W / cm2, measured by a thermal diode detector 
(Model 210 power meter, Coherent). There was no detectable heating of the 
cultures at this irradiance. The total irradiation time per dish was 0 - 500 
seconds (radiant-exposure range, 0-50 J/cm2). 
Phototoxicity Assay Cells were inoculated at a density of 3 X 105 per 
35-mm - diameter dish, incubated the next day at 37°C for 1 h with 50 JiM 
LuDOTC or DOTC in DPBS, rinsed once with DPBS, shielded from light 
or irradiated at room temperature while in DPBS, covered with complete 
medium, and re-incubated in the dark for 4 h at 37°C. Fifty microliters of 
3H_ Td were then added to each dish, the cells were again incubated at 37°C 
for 16 - 17 h, rinsed with DPBS, trypsinized, centrifuged, counted, and 
resuspended in complete medium, and the 3H-Td incorporation was mea-
sured by scintillation counting (Model LS 3801, Beckman Instrument Co., 
Irvine, CAl. The potential importance of 0 2(I.t.g) in LuDOTC and DOTC 
photo toxicity was evaluated by irradiation in the presence of2H20 or NaN3 
in some experiments. 
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Figure 2. Absorption spectra of DOTC (solid lille) and LuDOTC (broketl 
litle) in DPBS. 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
Cellular Content of Photosensitizer Dishes 60 mm in diameter, con-
taining either no cel ls or 1.7 X 106 cells/dish, were treated for 60 min witb 
50 JiM LuDOTC or DOTC in DPBS, or DPBS alone, and rinsed three 
times with DPBS. Photosensitizers were extracted in 1 ml/dish of n-bntyl 
alcohol and quantified by absorption spectroscopy (Model 8451 A, Hewlett 
Packard, Sunnyvale, CAl at the absorbance maximum (268 nm), compared 
with standard solutions. 
Singlet Oxygen Generation Generation of 02(I.t.g) was measured by 
indirect trapping and a direct, spectroscopic method. Indirectly, photosensi-
tized degradation of His was measured in the presence of200 JiM DOTC or 
LuDOTC in OPBS or OPBS alone, upon irradiation at 366-nm UVA (18-
20]. The generation of 02(I.t.g) was also measured directly by detection of 
02(I.t.g) luminescence from DOTC and LuDOTC upon irradiation in 
C2H30 2H at 313 nm. Rose bengal (excited at 547 nm; quantum yield from 
RB for 02(I.t.g) = 0.76) was used as a reference [21 ). 
Intracellular Localization of LuDOTC MGH-Ul cells were grown 
on coverslips in modified McCoy's 5A medium and incubated with DPBS or 
with 10, 20, 50, 100, or 250 JiM of LuDOTC for 1 h. Coverslips were 
rinsed with OPBS, placed with a spacer onto a microscope slide, and imme-
diately imaged. For imaging a Zeiss Axiophot microscope (Zeiss, Oberko- I 
chen, Germany) was equipped with a 200-W Hg arc (HBO 200W /2; Zeiss) 
filtered by a 3 mm UG-5 glass (Schott Glaswerke, Mainz, Germany) for 
epiluminescence. Fluorescent light was separated by a dichroic mirror (pass- I 
ing A > 510 nm) and a band-pass filter (515 -585 nm) and imaged using a 
video camera with light amplification (Dage-MTI, Inc., Michigan City, 
Indiana, Model SIT 66 LX). Sixty images, corresponding to 2 seconds, were 
digitized, averaged, and stored on a Macintosh II computer (Apple Com-
puter, Inc., Cupertino, CAl. To ensure comparable sensitivity in the images 
all automatics were disabled and the images were taken in a rapid sequence. 
Morphologic Effects Cells grown on coverslips were treated with Lu-
DOTC (50 JiM X 60 min), irradiated at 351 nm, and then viewed 15 min, 
4 h, or 24 h later by phase-contrast and epifluorescence microscopy (excita-
tion, 450 - 490 nm; emission 520-560 nm) after labeling with R1 23 
(10 JiM X 15 min) and rinsing with DPBS. 
RESULTS 
Cellular Phototoxicity Treatment with DOTC or LuDOTC 
alone in the absence of laser irradiation, or laser iradiation alone 
with up to 20 ]/cm2 in the absence of photosensitizer, did not affect 
the cellular incorporation of 3H_ Td. Irradiation with 50 ]/cm2 
alone caused approximately a 30% decrease in 3H_ Td incorporation; 
lower UVA radiant exposures were without effect on cells not 
pretreated with DOTC or LuOOTC. Pretreatment with either 
photosensitizer combined with laser irradiation, however, caused a 
synergistic, radiant-exposure-dependent decrease in 3H_ Td incor-
poration (Fig 3). DOTC was calculated to be approximately 50 
times as phototoxic as LuDOTC, on an incident-photon basis. 
Effect of2HzO and NaN3 on Pbototoxicity Concurrent treat-
ment with 2H20 or NaN3 during irradiation led to a potentiation or 
diminution, respectively, of phototoxicity with both DOTC and 
LuDOTC (Fig 4). The magnitude of the effect of2H20 and NaN3 
on both photosensitizers was similar. The effects ofNaN3 and 2H20 
on phototoxicity of both DOTC and LuDOTC were statistically 
significant (p < 0.05 by two-tailed t test after correction for multi-
ple comparisons). 
Cellular Uptake of Photosensitizers Photosensitizer content 
(mean ± SE) was calculated to be 5.77 ± 0.20 fmol/cell for DOTC 
and 0.97 ± 0.07 fmol/cell for LuDOTC, based on cell counts and 
absorbance measurements of extracts. There was no detectable ad-
sorption of either photosensitizer onto dishes containing no cells. 
Singlet Oxygen Generation LuDOTC was 2.6 times more ef-
ficient than DOTC in photosensitizing the degradation of His. 
(Absolute degradation of His was 24% and 12%, respectively; rela-
tive efficiency has been corrected for fraction of radiation absorbed 
by each sensitizer) . There was a 37% loss of the DOTC vs. a 2% loss 
ofLuDOTC. Independent studies with RB as a sensitizer confirmed 
that LuDOTC was relatively inert to 02(1.0.g) whereas DOTC w as 
quite reactive. The loss of His with both DOTC and LuDOTC w as 
oxygen-dependent and could be appreciably quenched by NaN), 
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Figure 3. Effect of 351-nm irradiation on 3H-Td incorporation into 
MGH-U1 cells pretreated with DPBS. LuDOTC (50 JIM in DPBS). or 
DOTC (50 11M in DPBS) for 60 min. Data are expressed as percentage of 
control cultures (no photosensitizer. no irradiation). Error bars, standard 
error for all entries. 
consistent with a o2(1l:>g)-mediated mechanism. The quantum 
yield of 02(1l:>g) production in C 2H 30 2H was :S 0.02 and 0.05 for 
DOTC and LuDOTC, respectively (errors are ± 20% and ± 15%, 
respectively) by d.irect measurement, generally consistent with data 
obtained from HIS degradation measurements. 
Intracellular Localization of LuDOTC The images in Fig 5 
show MGH-Ul cells with and without 10 flM LuDOTC treat-
ment. Because the filters best suited for LuDOTC do not allow 
" complete suppression of inherent cellular fluorescence, the localiza-
tion pattern is most appropriately visualized in direct comparison of 
images taken with and without LuDOTC treat~ent ~nder identical 
conditions. LuDOTC fluorescence was locahzed m the plasma 
membrane as well as the nuclear membrane and mitochondrial 
membranes of the cells. DOTC fluorescence in contrast was rela-
tively more specifically localized in the mitochondria [4,22). 
Morphology of LuDOTC·Photosensitized Injury Cells 
treated with LuDOTC alone or laser irradiation alone (50 J/cm2) 
showed no morphologic signs of mitochondrial damage at any time; 
the mitochondria, visualized by epifluorescence microscopy after 
R123 labeling, formed extended structures predominantly in a per-
inuclear location (Fig 60). By phase-contrast microscopy, cells 
treated with LuDOTC (50 11M X 1 h) remained adherent and free 
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Figure 4. Effect of concurrent treatment with 2H20 or NaN3 on phototox-
icity ofDOTC and LuDOTC, assayed by 3H_ Td incorporation. The radiant 
exposure of UV (351 nm) was 0.3 J/cm2 for DOTC and 10 J/cm2 for 
LuDOTC. Error bars, standard error of mean. 
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Figure 5. Intracellular localization of LuDOTC. MGH-U1 cells were in-
cubated with 10 JIM LuDOTC at 37°C for 1 h. rinsed with DPBS, and 
fluorescence-imaged as described. A generalized membrane localization 
domin~ted by plasma and mitochondrial membranes is seen. Bar, 5 Jim. 
EXCitatIOn wavelength. 350 - 450 nm; emission wavelength, 515 - 585 nm. 
of vacuoles or gross swelling at 15 min or 4 h after irradiation at 
20 J/cm2. By epifluorescence microscopy after R123 labeling, 
howe:er, the mitochondria of -15% of cells viewed 4 h (but not 
15 mm) after treatment with LuDOTC and 20 J/cm2 appeared 
short a~d fragmented; some affected mitochondria had a partial loss 
of affimty for R123, leading to a mixed localization of R123 fluo-
rescence wi~hin both mitochondria and cytoplasm. Similar but 
more extensive c~anges, affecting - 50% of cells, were present 4 h 
after .treat~~nt WIth LuDOTC and to 50 J/cm2 (Fig 6b). By 24 h 
after lffadlat~on, < 5% of cells ~reated with LuDOTC and 20 J/cm2 
showed persistent lrutochondnal damage, compared with - 15% of 
cells treated with LuDOTC and 50 J/cm2 • 
DISCUSSION 
DOTC is a potent photosensitizer of human skin [1). Recent mech-
anistic i~vestigations hav~ beg~n to clarify the photophysical, pho-
tochemlc~l, and photobIOlogiC bases of DOTC phototoxicity. 
DOTC, hke other TCs (23), localizes within mitochondria of liv-
~ng e.uk.aryotic cells, there sensitizes photochemical reactions upon 
mad.tatlo~ With UV A,. and, as a fu.nction of both radiant exposure 
and lrradlance: causes I~JUry to mitochondria [4,17,22,24), mani-
fested by massIve swellmg and loss of the ability to concentrate or 
retain R123, a potential-sensitive, mitochondriotropic, fluorescent 
probe. (25). The relev~nt photochemistry ofDOTC leading to pho-
tOtoXIClty appears to mvolve gen~r.ation of 0 2(Il:>g) [2,26), as indi-
cated by the enha~ced photo tOXICIty from irradiation in the pres-
ence of 2H20, which leads to a lengthening of 02(1l:>g) lifetime 
(12); conversely, tr~atment WIth the 0 2(1l:>g) quencher NaN3 re-
duces the ph?totOXIClty of DOTC. Furthermore, the phototoxicity 
of the TCs I.S 02-dependent (2). and the clinical phototoxicity of 
s~ver.al TCs .IS correlated to the quantum yield of Oz(Il:>g) genera-
tion 111 solUtlon (26). 
. T.he ~ene~ation of 02(1l:>g) by DOTC in response to UV A irra-
dlatl~n IS an Important photoreaction, but it is by no means the only 
~ne; 111 fact, the measured quantum yield of 02(1l:>g) after irradia-
tion of DOTC dissolved in alkaline ethanol is approximately 
0.0075 [27]. Indee.d; other active species have been implicated in 
DOTC photosensltlzatlon of bacterial cells (28). Part of the ab-
sorbe~ excitation energy is re-emitted as fluorescence, at a quantum 
YIeld 11l aqueous solution of < 0.01 (R. Gillies and G. Olack, per-
sonal communication). In addition, the photodegradation of the 
TCs leads to a variety of stable photoproducts, including anhy-
droTCs (29), quinones (30), deamination products (31), and LuTCs 
[5-7], which may be important in TC phototoxicity. 
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Figure 6. Top) Epifluorescence microscopy of cells viewed 4 h after irra-
diation at 351 nm with 50 J/cm2 without pretreatment with photosensi-
tizer. By R123 labeling, the brightly fluorescent mitochondria appear as a 
network of extended, ribbon-like structures predominantly in a perinuclear 
location. No R123 fluorescence is detectable in the nucleus or cytoplasm. 
(Bar, 111m) . Bottom) Epifluorescence microscopy of LuDOTC-treated cells 
viewed 4 h after irradiation at 351 nm with 50 Jlcm2 • By R123 labeling, 
mitochondria are fragmented, and a hazy pattern of diffuse, cytoplasmic 
R123 fluorescence is present in the cytoplasm. (Bar, 111m.) 
This study shows significant photobiologic effects of LuDOTe. 
A radiant-exposure - dependent decrease in 3H_ Td incorporation 
occurred in cells treated with LuDOTC before 351-nm irradiation, 
with a 50% inhibition occurring at a radiant exposure of approxi-
mately 15 Jjcm2• In contrast, in the case of DOTC-sensitized pho-
totoxicity, the radiant exposure required for this degree of inhibi-
tion was approximately 0.3 Jjcm2 • Several factors contribute to the 
approximately 50 times lower phototoxicity of LuDOTC, as con-
sidered on an incident-photon basis. Uptake ofLuDOTC into cells 
in these experiments was about five times less than that of DOTC. 
Furthermore, the molar extinction coefficient of LuDOTC at 
351 nm, the wavelength oflaser irradiation employed, is only about 
one-half that of DOTe. Thus, when corrected for the number of 
photons absorbed, the cellular phototoxicity of LuDOTC in re-
sponse to 351-nm radiation is about one-fifth that of DOTe. 
In aqueous solution, LuDOTC is approximately 2.6 times as 
effective as DOTC in sensitizing the degradation of His. Both the 
oxygen dependence of this degradation and its inhibition by NaN3 
indicate that the primary process may be the generation of O 2 (1 t:.g). 
Direct measurement of Oi1t:.g)-sensitized emission in methanol 
confirms that LuDOTC is > 2.5 times more effective than DOTC 
in generating O 2(1 t:.g). The likely importance of O 2(1 t:.g) as a medi-
ator of phototoxicity by LuDOTC and DOTC is supported by the 
appropriate modification of cellular phototoxicity by treatments 
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expected to quench and enhance 0 2(1t:.g) (NaN3 and 2H20, respec-
tively) . However, these observations do not preclude the role of 
other active species, because 2H 20 has been shown to enhance the 
lifetime of the triplet state [15] (attributed to an isotope effect on the 
triplet deactivation process) and N aN3 is a known inhibitor of free 
radical species [32]. Biologic reactions mediated directly by the 
triplet state of the chromophore, or non-02(1t:.g) products of this 
excited state, may well be important cytotoxic species in LuDOTC 
and DOTC phototoxicity [3 ,28]. In solution LuDOTC is quite 
photostable compared with DOTC, which undergoes irreversible 
photodegradation [2]. DOTC clearly undergoes more complex 
photochemistry, possibly involving free-radical reactions or other 
potentially photo toxic reactions not detected in the His degradation 
assay, such as those suggested by Weibe and Moore [3] and Davis et 
al [30] . With the data available in this study, it would be too specu-
lative to more clearly define these reactive species. 
The major differences in molecular structure between LuDOTC 
and DOTC are consistent with the apparently different cellular 
localization of the two drugs, as indicated by epifluorescence mi-
croscopy. Whereas DOTC localization seems to be specifically 
mitochondrial [4,22]. LuDOTC appears to localize somewhat non-
specifically in various membranes and to a lesser extent cytoplasmic 
areas, in addition to the mitochondria. The mechanism of localiza-
tion of the TCs within mitochondria is uncertain. It is possible that 
the TCs have a greater affinity for mitochondrial than cytoplasmic 
ribosomes [33]. Alternatively, the mitochondrial localization of the 
TCs may be a consequence of their chelation of calcium [34]. It is 
unlikely that the TCs localize in mitochondria in response to the 
negative electrical potential across the inner membrane, in the man-
ner of the cationic fluorophore R123 [35], as they exist as anions or 
zwitterions at cytoplasmic pH [36] . The more hydrophobic nature 
ofLuDOTC than ofDOTC is consistent with its more generalized 
localization with apparently some preference for membranous 
structures. However, in the ahsence of confocal microscopy, a de-
finitive distinction between plasma membrane and cytoplasmic lo-
calizations is difficult. 
Because of its localization in mitochondria (as well as other mem-
branous structures), LuDOTC is able to sensitize phototoxic mito-
chondrial injury, expressed as fragmentation and loss of the ability 
to take up and retain R123 selectively. It is conceivable that the 
apparent selectivity of mitochondrial damage by LuDOTC is sim-
ply a reflection of increased photosensitizer concentration in the 
mitochondria or increased sensitivity of this organelle to injury. 
Disruption of the normal electrical potential across the mitochon-
drial inner membrane leads to a diffuse localization ofR123 within 
the cytoplasm. Although DOTC also photosensitizes mitochon-
dria, the details of the morphologic consequences of phototoxicity 
sensitized by DOTC versus LuDOTC are quite different. DOTC 
phototoxicity causes massive swelling of mitochondria, which is 
first apparent by 10 min after the end of irradiation, is maximal at 
about 1 h, and is partially repaired by 2-4 h [4,22]. On the other 
hand, LuDOTC causes mitochondrial fragmentation that is not 
evident within 30 min after irradiation, is best appreciated several 
hours later, and is partially repaired by 24 h. Additionally, DOTC-
induced mitochondrial damage is observed at much lower radiant 
exposures [4] as compared to LuDOTC-induced injury . In timing 
and morphology, the mitochondrial injury sensitized by LuDOTC 
more closely resembles that sensitized by R123 [37,38] than by 
DOTC, at least at the light microscopy level. It is likely that the 
mitochondrion is one of several sites of damage by LuDOTC; the 
difference in the details of damage and repair between DOTC and 
LuDOTC may reflect their different sites of subcellular localiza-
tion. Also, fluorescence-microscopy - based subcellular localization 
has obvious limitations and needs to be interpreted with caution. It 
is possible that sites exhibiting no apparent fluorescence contain 
significant amounts of the LuDOTC; the fluorescence is simply not 
observed due to environmental factors. The TCs do bind to other 
structures, in particular to ribosomes [39,40], so that damage to 
multiple cellular sites is not surprising. It is notable that cells treated 
with UVA alone at 50 Jjcm2 show intact mitochondrial fluores-
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cence, even though they have a reduction in 3H_ Td i~corporation; 
this suggests that other cellular structures may contain a chromo-
phore(s), possiblX in~luding DNA, mediatin~ .unsensitized UVA 
photochemistry In this sys.tem, a~d that t~e additIOn of!--~DOTC or 
DOTC is crucial for the Induction of mitochondrIal inJury. 
In summary, we have demonstrated that the DOTC photopro-
duct LuDOTC is phototoxic and, due to its greater photostability 
compared to DOTC, may represent an important phototoxic spe-
cies in vivo. These observations are consistent with earlier work [2] 
suggesting the importance of photosensitization by a TC photopro-
duct in a wavelength-dependent manner. The results from the 
present study on bladder cancer cells are probably similar to what 
might be expected. in skin-related cells. At a cell~lar.le~el, photo-
sensitizers do not In general show tremendous dlsCrImmatlOn be-
tween cell types. In fact, the TCs exhibit comparable behavior in 
, bladder cancer cells [4] and lymphocytes [2]. Our itl vitro data on the 
relative phototoxicity, on an absorbed photon basis, of DOTC and 
LuDOTC, suggest that the parent compound DOTC is likely to 
playa more important role in vivo. However, itl vivo photobiochemi-
stry of the TCs ~s affected by pharmacokinetics, ~etabolism, and 
tissue optics, which cannot be properly evaluated 111 cell cultures. 
Therefore, the definitive photobiologic role ofLuDOTC and other 
photoproducts can be evalua~ed only upon isolation of these Rhoto-
products in vivo. Such expenments are currently underway m our 
laboratories. 
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